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ABSTRACT 

The S-IVB s t a g e  of t h e  Apollo 13 Sa turn  V launch vehi- 

cle consumed a t o t a l  of about 1700 pounds more p r o p e l l a n t  i n  

reaching  t r a n s l u n a r  i n j e c t i o n  ( T L I )  than t h e  q u a n t i t y  p r e d i c t e d  

be fo re  t h e  mission.  This i nc rease  i n  p r o p e l l a n t  consumption 

r e s u l t e d  mainly from an e a r l y  S-I1 s t a g e  c e n t e r  engine shutdown. 

The S-IVB s t a g e  performed s l i g h t l y  b e t t e r  than  expected. The 

q u a n t i t y  of  p r o p e l l a n t  remaining a t  TLI  equa l l ed  t h e  f l i g h t  per-  

formance r e se rves  r equ i r ed  t o  cover t h e  TLI  burn p l u s  enough 

usab le  p r o p e l l a n t  t o  provide f r o m  1 t o  5 seconds of a d d i t i o n a l  

burn t i m e  depending on t h e  method used t o  compute usab le  pro- 

p e l l a n t  margin. 
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MEMORANDUM FOR FILE 

The Apollo 13  Saturn V launch v e h i c l e  (AS-508) sa t i s -  
f a c t o r i l y  boosted t h e  s p a c e c r a f t  t o  a t r a n s l u n a r  i n j e c t i o n  ( T L I ) .  
However, shutdown of t h e  S-I1 s t a g e  c e n t e r  engine 132.4 seconds 
p r i o r  t o  t h e  nominal shutdown t i m e  caused t h e  S-IW3 s t a g e  t o  
consume about 1700 pounds more p r o p e l l a n t  than  t h e  pre-mission 
p r e d i c t i o n .  

Table 1 p r e s e n t s  a summary of t h e  p r e d i c t e d  and a c t u a l  
q u a n t i t i e s  of S-IVB p r o p e l l a n t  remaining a t  va r ious  even t s  dur ing  
t h e  launch. The p red ic t ed  d a t a  w a s  ob ta ined  from t h e  AS-508 op- 
e r a t i o n a l  t r a j e c t o r y '  and o p e r a t i o n a l  m a s s  c h a r a c t e r i s t i c s 2  f o r  
a March 1 2 ,  1 9 7 0  launch w i t h  adjustments  made f o r  an A p r i l  11, 
1970 launch3 and f o r  subsequent i n c r e a s e s  of  34,000 pounds i n  t h e  

and 457 S-IC s t a g e  t h r u s t ,  0.18 seconds i n  t h e  S - I C  s t a g e  I 
pounds i n  t h e  s p a c e c r a f t  weight. The a c t u a l  Apollo 13  d a t a  w a s  
ob ta ined  from F l i g h t  Evaluat ion Working Group (FEWG) p o s t - f l i g h t  
d a t a .  * 
p e l l a n t  q u a n t i t i e s  inc lude :  

SP' 

S i g n i f i c a n t  d i f f e r e n c e s  between a c t u a l  and p r e d i c t e d  pro- 

1. 

2 .  

3. 

4 .  

5. 

about 1 0 0  pounds more p r o p e l l a n t  loaded,  

4477 pounds more p r o p e l l a n t  consumed dur ing  t h e  f i r s t  
burn due mainly t o  t h e  e a r l y  S-I1 s t a g e  c e n t e r  engine 
shutdown, 

about 450 pounds less p r o p e l l a n t  vented i n  e a r t h  
parking o r b i t  ( E P O ) ,  due mainly t o  less p r o p e l l a n t  
remaining i n  t h e  tanks  a t  t h e  end of t h e  f i r s t  burn,  

2 2 4 1  pounds less p r o p e l l a n t  consumed dur ing  t h e  second 
burn due mainly t o  t h e  l i gh te r -we igh t  v e h i c l e  i n  EPO, 
and 

1678 pounds less p r o p e l l a n t  remaining a t  T L I .  

While t h e  Apollo 13  s p a c e c r a f t  w a s  i n  EPO, a real-time 
c a l c u l a t i o n  w a s  made a t  MSFC showing t h a t  t h e r e  w a s  s u f f i c i e n t  
S-IVB p r o p e l l a n t  remaining t o  execute  t h e  TLI  burn.  The pro- 
p e l l a n t  reserves w e r e  p red ic t ed  t o  be equa l  t o  t h e  r equ i r ed  



BELLCOMM. I N C .  - 2 -  

f l i g h t  performance r e s e r v e  (FPR) f o r  t h e  T L I  burn p l u s  a margin 
of about  3 seconds of burn t i m e .  The FPR r e p r e s e n t s  t h e  quan- 
t i t y  of p r o p e l l a n t  r equ i r ed  t o  cover a l l  nega t ive  30 p r o p e l l a n t  
d i s p e r s i o n s .  The negat ive  3a p r o p e l l a n t  d i s p e r s i o n s  used i n  t h e  
MSFC c a l c u l a t i o n  were 1155 pounds of LOX and 531 pounds of LH2.* 
A p o s t  T L I  c a l c u l a t i o n  by MSFC showed t h a t  t h e  a c t u a l  u sab le  pro- 
p e l l a n t  r e s e r v e s  were equa l  to  t h e  FPR p l u s  a margin of 3 t o  4 
seconds of burn t i m e  i n d i c a t i n g  t h e  S-IVB performance dur ing  t h e  

T L I  burn w a s  s l i g h t l y  b e t t e r  t han  nominal. 6 

A c a l c u l a t i o n  of t h e  a c t u a l  Apollo 13  S- IVB usable  pro- 
p e l l a n t  margin a t  T L I  based on FEWG data i s  presented  i n  Table 2 .  
The procedure used i n  determining t h e  a c t u a l  p r o p e l l a n t  margin is 
s i m i l a r  t o  t h a t  used i n  the  launch v e h i c l e  d i s p e r s i o n  ana lys i s ’  t o  
make a pre-mission p r e d i c t i o n  of nominal p r o p e l l a n t  margin a t  T L I .  
The q u a n t i t y  of p r o p e l l a n t  i n  t h e  l i n e s  and engine w a s  ob ta ined  
from t h e  o p e r a t i o n a l  mass c h a r a c t e r i s t i c s  document,* and t h e  quan- 
t i t y  of p r o p e l l a n t  below t h e  d e p l e t i o n  sensors  was l is ted i n  t h e  

o p e r a t i o n a l  t r a j e c t o r y .  The c a l c u l a t i o n  shows t h a t  5 2 2  pounds 
of u sab le  p r o p e l l a n t  margin (about  1 second of burn t i m e )  re- 
mained a t  TLI  i n  add i t ion  t o  t h e  FPR. 

An a l t e r n a t e  method of c a l c u l a t i n g  usable  margin i s  
presented  i n  Table 3. I n  t h i s  method, t h e  FPR i s  s u b t r a c t e d  from 
the  a v a i l a b l e  p r o p e l l a n t  before  any p r o p e l l a n t  i s  labelled unus- 
a b l e  a s  a r e s u l t  of mixture  r a t i o  cons ide ra t ions .  Thus, quan t i -  
t ies  of f u e l  and o x i d i z e r  can no longer  both be termed unusable 
as a r e s u l t  of t he  governing mixture  r a t i o  as could happen i f  the 
previous  method i s  used. The t o t a l  usable  margin a t  TLI  i s ,  
therefore, increased .  The  usable p r o p e l l a n t  margin i n  t h i s  case 
i s  2324 pounds (about  5 seconds of burn t i m e )  i n  a d d i t i o n  t o  t h e  
FPR.  

*The r equ i r ed  FPR is  g iven  i n  t h e  launch v e h i c l e  d i s -  
p e r s i o n  analysis . ’  
of L H  r e p r e s e n t s  t h e  negat ive 3a d i s p e r s i o n s  i n  S-IVB s t a g e  pro- 
p e l l a n t  over  both t h e  f i r s t  and second burns.  I n  making a pre-  
d i c t i o n  of p r o p e l l a n t  margin  a t  TLI  given t h a t  t h e  v e h i c l e  has 
a l r eady  completed t h e  burn i n t o  EPO, an FPR requirement covering 
on ly  t h e  second burn would apply. T h i s  FPR would be less than  
1155 pounds of LOX and 531 pounds of LH2. Thus, t h e  MSFC pre- 
d i c t i o n  w a s  somewhat conserva t ive .  

The FPR of 1155 pounds of LOX and 531 pounds 
2 
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I n  summary, c a l c u l a t i o n s  based on FEWG d a t a  show t h a t  
on Apollo 13  the  q u a n t i t y  of S-IVB p r o p e l l a n t  remaining a t  T L I  
equa l l ed  t h e  FPR f o r  t h e  TLI  burn p l u s  enough usab le  margin t o  
provide from 1 t o  5 seconds of a d d i t i o n a l  burn t i m e .  The r e a l -  
t i m e  MSFC c a l c u l a t i o n  showing p r o p e l l a n t  r e s e r v e s  equal  t o  t h e  
FPR p l u s  3 t o  4 seconds of burn t i m e  i s  c o n s i s t e n t  wi th  these 
r e s u l t s .  

2013-KPK-slr K .  P .  Klaasen 
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ITEM 

Tota l  Liquid 
P r o p e l l a n t  a t  TLI  1891 

P r o p e l l a n t  i n  Lines 
and Engine 

5521 

~~~~ 

Tanked P r o p e l l a n t  
a t  TLI  

-513 

Prope l l an t  B e l o w  
Depletion Sensors 

-513 

Avai lab le  P r o p e l l a n t  

Unusable P r o p e l l a n t  Due 
t o  5:l Mixture Rat io  

~~ 

Usable P r o p e l l a n t  
a t  TLI  

FPR ( f o r  TLI  burn only  - 

P r o p e l l a n t  Margin 

see foo tno te  p. 2) 

a t  TLI  

Unusable Margin Due 
t o  5:l Mixture R a t i o  

Usable Margin a t  TLI  

TOTAL 
LOX 

3630 

-367 

3263 

-171 

3092 

-0 

3092 

-1155 

1937 

-1502 

435 

A l l  q u a n t i t i e s  g iven  i n  pounds. 

LH cI I TOTAL 
PROPELLANT 

L 

-48 I -415 

1843 5106 

-712 -883 

4223 

618 3710 

-531 I -1686 

87 I 2024 +-+ -1502 

I 

TABLE 2 - CALCULATION OF ACTUAL S-IVB 

PROPELLANT MARGIN AT TLI  
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L 

TOTAL 

LH 2 

1891 

-48 

I TOTAL 
PROPELLANT 

5521 

-415 

ITEM 

T o t a l  Liquid 
P r o p e l l a n t  a t  TLI  

P r o p e l l a n t  i n  Lines  
- 

and Engine 

Tanked Prope 1 l a n  t 
a t  T L I  

-367 

~~~ ~~ 

P r o p e l l a n t  Margin 
a t  T L I  

1 

Unusable Margin Due 
t o  5 : l  Mixture  Ra t io  

Usable Margin a t  TLI  

r -  

P r o p e l l a n t  B e l o w  
Depletion Sensors 

Avai lab le  P r o p e l l a n t  

FPR ( f o r  TLI  burn only - 
see footnote  p.  2 )  

I 3263 

- 1 7 1  

3092 

-1155 

1937 

-0 

1937 

A l l  q u a n t i t i e s  given i n  pounds. 

1843 I 5106 

I 
-531 I -1686 

600 2537 

TABLE 3 - ALTERNATE CALCULATION OF ACTUAL 

S-IVB PROPELLANT MARGIN AT T L I  
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